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, 1 < I - o- 

This nrvcnbon rekaes to medical treatment wnb ultrasound. It is 
5 disclosed a ! context of a system for the omatmem: of prostate disease, bat is 
believed to be useful hi otber applications as well 

! m_ 1 ' <4 - ' < V, ! n *< N 

o \ s\ o ^ 

10 2000, > disclosure of which n hereby incorporated berem by reference. 



> V. vi 0^ v 

HlOK iX I ! C\ > >K s ^ s sd o \o 

5,676,692; 4,586312; 5,149,319; 5,840,031; 5,080,102; 5,295,484; 5,492,126; 

n , * * herein by relcT&oce. \ represent a tton is intended iinu a complete 

jo such renresentedon should be , f, o , «- dating shad oot be construed to be an 
adtrdsskm thai tire listed references awe or are considered 10 be. , ai to 
patentability. 

fdsciAyau;eA>fjb : e jasynbog 

* ^ ^ < , . >h < such 

s < , ! ^ > 1 < v < J n m onv. 

c- %'u n n t 1 

ap| - riate i qo< i w ot s \, nod >fop< t o a. 

i , ^ ; O !' ' K 1 

t s o i v i i e t v iK m> 

ult*u*J to nnt cm-no ^ oapn < mens lie 

( „ t 0 < < ' tissue abiat;on and carnation. 
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Further il lustra iiveiy according to this aspect of the invention, treated 
i s \ i ' I ebech ^'j'. n <• knv 

\dd\ N 0 el ho d> v < i s Uv 

iht invet n * i < v v 

mcchamcai iesttoyetj 

id i * ! < v • a k\ n ^ i n x anon 

< mm smis:, 

- V t < < u 5 < •> v. "> 

alternative to continuous vacuum assrst, a bushing fluid, fleer may be directed into the 
dee s - < s ^ i v ^ n * v o t n 

undergoing nvatmeut h \ < u for exampiegio flush debris duo the bladder. 
The tissue debris may, ibr example, dim be removed during uvuOm eat with or without 
i 1 „ ,<h u 1 1 v.. > It* -> u r HI I t >n iO'i cd 

^ nuoe ne 

visualization, rosy be optical, for example, by providing an optical beer i the catheter 
au-d providing a light source adjacent die gone end of die optical bibeu that i , the end 
> , ... 1 v , ^ * - s uifiv 

> s i , ! k ei x m,o he 

i » ) h 5 1^ jJ? a m'l cmriai em he , cm. pewucd ! n 
d corneal source at the proximal end of the catheter via conductors which extend 
along die 'length, of the catheter .from ho proximal end to its distal end. 

1 1n 1 or ahernabvely bhnroitively according to this aspect of 
Xh fovemioB lb. vi sal ado ue be h> o us of one or more of the ultrasound 
transducers driven ha, ibr exar.ep.bg a pulse-echo mode to provide (an) ultrasound 
x - m ! ^ O 5 V oo worded 

by known techniques into (a) video kuagefs). Such visualization mechanisms perron 
the progress of tbs treatment to be monitored, regardless of the mechanism of 
treatment 

Jilnse A v U an u I > 1 < > s 

( damote i fx o u „ s ewoow 

bnrided catheters and e beta:, *uh Ruded ?h?mh$ i > pen the fransrnission of 
terg>, m u lv\ t e emote 
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&k\ oi d e catheter, inek<ih g the transducers) into various orieatatio )s new - 
etibobve , , o w me m m - 

Hnthenlktsfm - m ! -o mm moo ... 

5 the or each a m- : kj illustratively, the temperahoe mommriog device mclodes a. 
K cv oriented adjacent the or each transducer, 

Blkj * omjAgs 

The invention s best be understood by referring to the < h < 
10 e ^ bathe 

dtmvi&gs: 

Fig. 1 illustrates a partly fragmentary sectional side elevatkaiai partly 
i S < v. f e t< uo o 

Hie isvenhoo to place tot H1FU and/or - \ .moo md r .e , treatment ox a prostate; 
15 Fig. 2 illustrates a partly , i m view of a detail of another 

> Me; ! ,oi i i > eel on 

ley doles- ama> oi, ; m e c> -^m consamued 

accoedrag to the invention; 

ihg 4 sees, j t detail 

20 m j jo ^ s i u 

rig. 5 illustrates a partly block and partly schematic diagram ef a detail, 
od n o - system - o struct© ar nog to hi ' c 

leg, d illustrates a partly bioeh and partly schematic diagraa> of a 
cross-section taken along lines <> < of Fig. 4; 
25 Fig. ? i dummies a partly block and partiy i n e diagram of a 

crosss-secnon ef a detail of another system constructed according to * invendore 

Fig. 8 hhiso-axes a. detail of another system eooseucted according to the 

brvorPioig a -1 

Fig. 9 ilinstrates a dePoi of another sysmm cooetrnetod according to the 

30 invention. 
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1 >< < > s N . < t . - ! i 

£ K- , \ \ i is 1 I > ^ n 

1 i < K v. v 

5 < - vuoatb the bla*^ i 

the bladder uc .\!' . ; v, = << o .i bs Jn . <sv t ; < < >-u<c,c c sc. * ^ As A n Au- uatod ro 
! 2, (he diseased tissue 18 can grow iran the bladder 12, The catheters 10 can be 
constructed from, tor example, live or synthm so rubber or other materials, .don;, which 
nxnkmAA catheters are customarily constructed, 
10 Caifaete 0 \ As 

illustrated in Fig. 1 5 catheter 10 mag include a balloon 24 located at the distal end 22 

_ - N S } \ i fT ft" 

t at' HlO i^OhO' i OK U S>> itKMrO'ii) 

services which are delivered m any given catheter 1 0 in its distal end 22, and for auy 
15 vm ' u v u. - < f > 5 5fitA; 

a at- es^ 50 arc pi 1 « os , 

is i e )A,;i > iH-e, 
permit wbi i i of t transducers 30 into the c i n necessary to treat the 
< o < i . ' ' 1 >5 i 

20 no e , v 30 are eacded through appjopnaie electrics;! conductors which extend 
tbrough tt tun-sen 26, 

Kb 5UU 5 i s H ul 1 1 ! tt 

Hat. 5 . o 'it t < 5 ni. t - b 

various services, such as a light source 34 (.bhntmted diagratrmnuieallgb an electric 
25 power source 30 (idusuated diagrammaricaily). and a. cooling and irrigating d 
\uu t 1 n ^ e v s i s \ ' 

j «. do ,x * . ^ b v. s v < <ii ! > ' ! 

monitoring the progress of a treatment usmg the catheter 10 The light source 34 may 
K, toi o t M " N 1 i ' '.>^. I 

30 ■> ; s i. » 4 m v n" - ^ > < ' » 1 * i .K t v 

" 1 . t„ 5 of s ie c ens 4 c he- distal end oi du c hetss 
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Mi er opiu eguide 42 is provh i i iM)' s k 
ion v ! v f < s.1 end 22 s. 

i < 2 i i i 2 ^ i 1 , , 

5 1 ' V > ^ 0 .5. 5 1 5,'li 1 £ liv \05>lv \ >ilh 

5 tfeatme.nl. i light source 34 ! also be a power supply coupled by electrical 

kO ilk S < w 1 i'^^ 

for example, where lens 48 is positioned in Fig. 2 : adjacent the distal end 2:2 of the 

catheter 10, to iUounrwte his treatment field and provide sufficient reflections to be 

transmipeci via ions 44 and waveguide 42 to nionlter 46. The u , t s - wem 44, 42, 
10 46 ccoid also be, lor eauanple. a solid slate .imaging device, seen as a charge coupled 

devi.ce, or I like, or any older suitable n wchatuaru for producing on . us 46 a 

suitably high resolution ravage of the progress ol.brgaim.enl 

As best t i n i v ] in Figs. 1 and 2, a region 50 of the catheter 1 0 

adjacent the distal end 22 of lire catheter 10 is provided with a nwobeta illustratively 
15 tiuo h> r i,} \s. < }f < k c 

power al appropriate oe, ^ for ultrasound * jo and. therapy. The 
s . 2, 4, 6 &n& 7 c s ! 

il iUfKi v fi » t 5 If Ui 

10. As beat >l i \u a 1 m Fig. o conductors 54 through which each transducer 3b 5 can 
20 - v <. < > 

'lb transnaeerts) 30 may be of the types b - a < ew described in 
U.S. Parent. No. 5,1 17,832 or WO 99/49788, or any other suitable type. The 
therapeutic ultrasound is at frequencies and powers capable of achieving treatment by 
one or both of cavhahou-aBnuceh tissue destruction and high intensity focused 
23 i < h s j j J 

1 8, with HFFij resirhs in necrosis of the treated prostate tissue .18 with ihe ultimate 
result thai the treated, tissue 18 is reabsorbed and/or discarded by the body over a 
v v „ v. > , s , s " x 

* v i s v i iti i i v i <- v ' a, >e 

30 ^e "n v i nn v << v vO io r\ n? - <. h 

< scais woesan nse-n * \ddvnona ^ be t \o; \ , has uwdeeemah a 
be pb, ued aa hu>wn manner io vary the ^ffoemv ibetni of ihe arra> e, trans, „ ^ 3*;. 
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I rtiK if segmen dtraasd«ce? s > strata 1 < 

WO 99/49788 are used m some one or more of the illustrated positions, the effective 
focus of each such segnraated transducer 30 can be altered by appropriately pi.utsi.ug 
the drive signals to die various segments of that respective transducer, and the 
5 composite focus of the array at transducers 30 can be altered, as wop. "Die uet effect 
el aUeatb haft nu e; io,v v \ < e ms e la ;\ j v 
0\?v sen ^ 

reahsorptiou of the necrosed tissue progresses cam! ail of die necrosed prostate tissue 
1 8 has finally been reabsorbed and raceway is couudete, A -means, such as the 

10 < v. > ! , i 60 iihasoaed at fig, a , can he provided adiaeeut hie uansditcerfs) 5 * 
fcr monitoring the temperana'es adjacent the rransdaeeds) 30. This feedback can he 
K 1 t f * ' ! > ' < < -> lac 

to f uf r | i ( in co to 

system au \ ' 

15 O u |)>»o n 

j ) n nd > . IS 

Ca\ tabes - 1 <- I oe s v. s a wvers&ad: 

ifeqaeucms, with frequencies typically ranging ? the hundreds o.t kilohena and 
powers m the watts per square ceaihneter to tens of watts per square centimeter range, 

20 a e v-u< . ^ , , v 1 ' c «» >\ iv 

^ v. ^ v s. i ! < n « i < v 1 < 

over short duty cycles. 

I d prostate 

\ i e h « .it; „ u„ eVmu. t 
25 w s ere v a a, f ^e •> it 5 ■ J < d- i w i pk b < < t> 

and water, tenons nt the tissue 18. Cavitation can also be promoted hy "seeding," &r 

.i rl V sg, muc/he iTeacmar i s ' ' 

of degassed water or rmxed with degassed water, The resulting tissue debris may 
u in cx ! ! I ii t Is 

30 dnuwt eon p c^ t nu md s > h. tC j , una I v pun ew a w a an sm »r 
removal of tire debris. Que snch juschaabtrt is a lumen 62 in the catheter 1.0 coupled 
t t i v t - r 2 > u 0 i oo > ^ e a 
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n s i a a? <. Ue - > as 

cooling mndimn for die iransdneefrs) 30. \ die medium flows through dm treatment 
helm as illustrated by arrows 64 m Fig. 2. the catheter 10 can be so configured that 
5 the medium fiows over the traosdaeeus.; 30, cooling h fraemg 

His 1 s i c * * <. * medium also piclos up debris and flushes the 
debris awaso for example, through another lumen 66 provided in the catheter 1 0, e 
via the ureilira v io v bladder ; 2. from which the debris may t i < 4 \ \ or 

later he evacuated, for example, by the application of a vacuum at the proximal end. of 
10 a mmen 6'S, or by do; pahera emptying his bladder 12. if haaen 6b is provided in the 
catheter 10 for dre ^ < ) : > of die debnsdaden atigaboa/eooling medium, bus 
bunco 68 can be provided vviih a. eoafraaous vacuum 70 to assist in i removal of 
debris occasioned by . cavitation debridement 

Hie cat iei r Ws o s xmiescjib 

15 fsovct't i > ! 1 

WO Q 0 *o ?< « (i ; n 1 vc s <> > t Joe? uun i v. o u eoaofl < 

i i U a !(m * * 

the ti s<> t t irtmsducefis) 30 m a pulse-echo mode to provide an > nn 1 image 
of the progress of the treatineni. The ultrasound image can be converted, by knovvn 
20 techniques into a video image on moahor 4o. Such visnaiizahou m coined s.ao can 

n 1k<^o*t* 

5 ei no i i n? 

Thus visualization opt-on is illustrated n Fig. 3. There, a switch 72 is 
provided to switch the power source, winch may be, for example, a Focus Surgery, 
25 1 no > s > , - t m to jio< s dee 

housducer(s) 30 from a therapy power source 74, which may be either a. mob > 
xiu ig | ev, e n h uueu \ no n X 5 <■ 1 1 e s 

mois 1 i v 0 s ■, i > < g t s 

1 C< v. - > 1 t v ,N > ! I s < i 1 s. 3 1 5 

30 So \ h a < *k <. * eo J el >, It 1 < i it 

o <. 0 c 1 f ? e \ ; \ m aie Ij junk, M too 2 so a 

he tissue v n b x eedi sloop 
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incorporathig, for example, a PC (not shown), can also be employed to modulate bo 
»wa s t i i esibtoffoe vi sso.f the 

< \ v - \J su J <m 

». n a U <■ \ ! N 

5 The i m->i > 30 itself ahaeaebas) may be i »n t, vi 

v i , N - i i < v s c > >\ 

afort a J WO 99/49788, or & segmented transducer 130, as shown, -for example, m 
I 5. Wheo 1 segmented type transducer 330 is employed, the segments can be 

t. \ !j < < I o < I k I < 0 U <- 

10 smerabfo afoaseaad beam and the like. A foenaocoaplm like > a » 60 

si- 1 Fig. 4,1 p * vidsi ; > r to 

acucer liO 
x any of a n a >es. . < H svk 

type , s foniade braided eatheietn ! those I braided sheaths » permit foe 

15 E s ! I J <} 

a da; n as! fo a < a e rriana P* erne \ uuna , >• , raa oi* rave sa<a 
fo < ffett Vv M U i I O l i bt,il.\!,j 

h'i sueb - 

f , >\ < ' t p a i j * 1 

20 transducers) 30, 130 can be maimed in order to < a dibbreot tissue ! 8 volume. 
, a ^ , s ( - ! i c t j \ a t „ 

light source 43 (if aa LED at the distal o 32 is used as foe light source), and so on, 
^ n 5 s x ^ si aa the \ I fou!<i^ 

'D u\i Mi b< 1 

25 ^ < s 1 i ! ^ 5 ! 

x i s t a ) , i , , 

«. ^ < I 5 1 i kv < » m a e 

in shape ami fo -us < 8 aetlx 

i-iv \ v J a mi n > , t t 

30 iiaOy ounvaix directions > s.. lb m< < I f > d 1 £ ! 

- <. x i V " s. 1, - K, 1 3 " T t , vfo ' » ^ ( - 

a>< { oil which can be used to propagate a cavitatiag ultrasound wav< ad alh o ;e ad 
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tVn^ us n>ds thnnigh , -v - g ,e -,e> io* of n'-^K t nnt 

> tX 1 s s- f 4 «.h <. i 1 40 ll 

typically extend cosxially with * catheter ID, but: that is jaot essential to practice the 

invention. 

5 s -.v > ^ f > 1 

< > < * ! v < i > " , it I > 1 

* ,«)NCkKvi' \ * t o i ' ^ ' f > < Mfb< tot 

130, 140, 142 somewhat horn the tissue IS, providing some greater measure of 
] 0 protection .for both tin; catheter 1.0 ace tissue I S iron; nnnuerKled cb.unage by the other-. 
,i e\, , « « is*. - > II ^ ijm ] ot, \ in 

peonds propagation r>f the HTFU through h. wflh minimal aUeaeatron and ouruma'i 
distortion of the sitrasoued beano 

The cooling fluid flows from source 38 through a huuen as described 
15 aoou »> h o t.nm 1 t i h u vlu e <. < n • . it\>r a 

course, ckx (not us can be provided lor the flow of 1 fhuc on fho cavity 
144 outward into the urethra 16 and/or the bladder 12. The cooling fluid runs through 
nni 'b i ! U o 1 \ n t a o$ ,v t 

drennocooplots) 60 in order to nrahnnrn the i u > <. of die transehreer(s) 30, 
20 fo t! 

wi i. V i \ - C\ , i > i ' " KO s , 

is ^ i removed irons the catheter 10 through b< > 66. ibectneai service is provided 

It i. 11 J < <. t i N "> UO > ^ ! 5 , '* 

*S v < v I s. 1 ' O } U ,> < i ! < > i 

25 - j i t ■< s i i \ t > 

balloon 24 Is pnesem. 
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1 , A method of treating tissue including (a) providing a catheter 

5 n < 1 i ^ , v. v h ( <. 

of tomsn n \ 
and ,u\h > 

transducers adpn.auu the treatment region, hg exciting the transducers to treat the 

10 2, 1 e . hwJoi hu h ! > f j » It if < » s 

includes prcandmg transducers capable of trarismhbag sufficient power to achieve 
<. K ai least one of HiRlomiaeed tissue ablation and <. u < < 

3, " c in 1 eo , s d \ t 
includes providing transducers capable of tranxmltbeg <. a \ to achieve 

1 5 a f a \ bg Rlfliondnced tissue abbs' mm die method further ineinding > s a 
the treated tissue to be reabsorbed by the body, 

4, 1 i \ li m of claim 2 o \ providing the transducers 
includes providing baasdncers capable of transmitting sufficient power to achieve 

, ! { ^ s v t n U k 

20 , w cavitation, 

5, v \ < i h k 
inoiudes providing a second lumen dnoegh the catheter between the prexinud and 
distal ends, the method ionher iochidmg applying a vactuan to remove t i 

6, im t s - > f 
25 , •. \ % - v , ! < 

?. ' < - 1 o i 1 - m 1 emm {>\\pn ^ > m> a - a heter further 

ineiudes providing an optical hbes which extends to the distal end of the catheter and 
ps -v.dmg a h„ it v. a a ad ace a tec o > 1 t ,t catheter, 

8. The method of claim 7 wherein providing a Sight source 
30 adjaeera the distal end of the cafheter includes providing a second optical Oder -a ha h 
e\ en .e a^ot " t p < rg a \, a 

adjacent tite proximal end of the catheter. 
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9, The method of claim 7 v. herein pixn ». luu; .: hubr \am<.\ 
<o «.c tU. ^luC do i < { - "0 

t * ! duv«.U » 

between tb t i c 

5 10. 1 >. 

uU asasdiau ■• I 5 » i I O C ' > 1 i >! ' t n^lA 

of the treatment 

1 1 . Hie method of claim i 0 therein driving at leas? one of the 
transducers a a visualisation motto includes driving si least one of the transducers in 

10 < < t on -a eowu 1 ,< a 1 

12. 'The :a:adhod of chain;. 10 further n.adudi.ag converting the 

a cage. 

1.3. If etbodofc «n ein i nx 

inckrdes providing a beaded catheter. 
15 14, die method, of claim 1 v.hes in (a providing tcathetei 

includes juo n a catheter with a braided sheath. 

15. h\un <. < u > 
includes providing a cathater with a shunning member. 

16. " s. i 

20 mcltaahag a device for monitoring die tenmeraOue adiaceid -he transducers includes 

' dticers 

17. d : he method of claim 1 wherein (a) providing a catheter having 
unikipie uhrasoorid transducers adjacent us desud < includes providing at least one 
segmented trans d tree;; 

25 18. » k tm t fui^ » > i 1 > 

multiple ultrasound transducers adi scant its dash.il end includes providing at least one 
pgrt-eyBndric&i transducer. 

19. fhe mJJ ? t . , n c; 

<. h ck n >. dut^ «»t opomm > „ , 

30 the a: ammo ee: x adjacent the opeaing so thai, when excited, the transducers m-.:L;e 
u» .\ilit id' m ^ u«v. ^ ix i v van o v couns 
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* , . < < SO WX' 0^ 
20. A.ppauO us for treatum u.muc inch.uirag a catheter having 
proximal and distal , c\ , humm extending between the j o< ' and distal ends. 
5 multiple ultrasound tccui.uracers aduioeat too disufi e.ad, the transducers capable of 
nnr tn i ! m ; i ^ ^ u -> < 

OPCICC Ot 00t V v { 

driver for exciting the transducers to treat the tisane, and a source providing a &w of 
tluid through the lumen and over the - m 
10 21. h N ^ *> v | I < 

of hansuutdng sutnomni power to achieve treatment by at least one of IffFU dnduced 
tissue ablation and cavitation. 

22, rhesp] Oaondueet are capable 
of transmitting sufficient power to achieve treatment by j I hn a tissue 

15 ablation. 

23. i he < p| cnuaa update J > 
of uansmdoeL, sufficient power to achieve treatment by cavitation. 

24. r l ^ % i h , 
second tinners, entcnthng between die proximal and distal cods, and means for 

20 applying a vacuum to the proxmmi end of the second, lumen to recover fhdd. 

25, 1 <> 1 h ) 
iu i n ' , ! i < 1 < !'<>>< ^ 
of the patient whose tissue n undergoing treatment. 

20. 1 i i < ' 

25 m v v I ed ih • i'i 

endoSti'n 

27., Uvapp., e ' \ v. em . ^ " n , c ti dm- a 

\ v i 1 1 k i en N ^ > > n , Us. ^ el i < 

. 1 ett nn r tig eni the prr.mn optical fibe 

30 2ts The p i v erein hi ignis? s iotiuh 

\ < i i n m cue -> sunt, ,enr 

no m 1 > < ^ v v i ^ " v i n - 1 i m 



wo mmm 



-13- 

2,9. ihei>pa< ! > ^ \ v , > m ee 

driver V a driver for fo at least one of the s v c in s- * _ * o ) 
mode to provide i \so d? tgeo he tissue, 

30. » < ! > * * j i ii k > 

5 ! U fs 1 H O v.X v < \ 

one of the transducers in a pake-echo mode to provide an uhraaoood image of the 
tissue. 

3 h > < - o 

t \ , - % > a video \m \ o 

10 32. i\ % k \ i v'v 

braided catheter, 

33 , The apparatus of el a n 20 wherein the catheter includes a 

braided sheath, 

34, The apparatus of claim 20 wterem the Gat.heier includes a 

35 , The apparatus of ulaun 20 wherein the device for monitoring 
the temperance adjacent the transducers foe-hides a thermocouple oriented adjacent 
the transducers. 

3e. , > .. , 1 < >- 

20 include a;, least one segmented transducer, 

37. » » . 1 p <■ 

include at least one part-cylindrical baosdueea 

38 - > h s ) ! u 

I i <- onmm so 

25 d « yhm excited, the s:ansdu em adiaieej gy! mag he openk apparatus 
a uu ? Kt.h t fiu unpe n salve, bos uoc 1 coveriog > the o mg to ret&ia 
t uistn > ! ! f s i , < tUv 

return to the catheter. 
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